A new generator for scalar-top quark pair production and decay is presented. Detailed studies of scalar-top production in e + e − collisions with full statistic detector simulations at √ s = 190 GeV with 500 pb −1 are performed. A significant increase of the mass reach compared to existing limits for a discovery of scalar-top quarks will be possible with moderate total luminosities of 50 to 100 pb −1 . The sensitivity range as function of the mixing angle is given in the Minimal Supersymmetric extention of the Standard Model.
Introduction
Scalar top quarks are the supersymmetric partners of the top quark. A stop particle could be the lightest visible supersymmetric particle, hence, it could be the first supersymmetric particle to be discovered at LEP2. This exciting possibility is the motivation of this study. Two mass eigenstates are expected, and a mixing angle θ t is introduced. Throughout this paper, only the lighter mass eigenstate:
is considered. Due to the mixing of left-handed and right-handed stops, a large mass splitting is possible and the lighter stop mass eigenstate can be well in the discovery reach of LEP2. The stop production is governed by two free parameters, the stop mass mt and the mixing angle θ t . The decay mode of the stop depends mainly on its mass and the mass of the decay products. The most important decay channels are:
whereχ 0 1 is the lightest neutralino, andχ + 1 is the chargino. The latter decay channel is dominant if it is kinematically allowed. However, this case is not so interesting for a primary discovery, since in this scenario the chargino would have been discovered first. Therefore, the analysis is performed for the neutralino decay channel with 100% stop decay intoχ 0 1 c. The stop production is illustrated in Fig. 1 . The expected stop cross sections are shown for different stop masses as a funtion of the mixing angle in Fig. 2 for √ s = 190 GeV in the framework of the Minimal Supersymmetric extention of the Standard Model. The current experimental mass limit is mt > 45 GeV from the LEP experiments [1, 2] . For smallχ 0 1 masses preliminary limits up to 105 GeV are reported from the D0 collaboration [3] . A much extended sensitivity reach for stop masses up to about 200 GeV will be possible in bothχ 0 1 c andχ + 1 b decay modes at an e + e − 500 GeV collider [4] . The L3 event generator which has been developed for the production and decay of the stop includes both neutralino and chargino decay modes. The generated stop production and decay is illustrated in Fig. 3 . For sbottom production, the final state particles of (A) and (B) could be interchanged. The stop production and decay is controlled by datacard. The cross section and kinematics of the stop production is defined by the two parameters mt and θt. The decay mode is defined by the stop, chargino and neutralino masses. The chargino decays viã χ
1 , where W +⋆ is virtual, as a real W + is practically not allowed in the energy range of LEP2. . The large effects of QCD corrections are included in the cross section calculations using the formula by the Vienna theory group [5] , see also [6] . The formula includes effects of the standard particles. Loop-effects of supersymmetric particles are only relevant at higher energies of, for example, the LHC or NLC. The stop production and decay has been defined as a new process in the PYTHIA program package [7] . The event generation process includes the modeling of hadronic final states. The steps of the event generation are illustrated in Fig. 4 .
In the first step of the event generation, initial state photons are emitted using the program package REMT [7] which takes into account the expected stop cross section from zero to the nominal center-of-mass energy. The effective center-of-mass energy is calculated for the initial production of the 4-momenta of the final state particles. These 4-momenta are then boosted to the lab-frame according to the momentum of the initial state photon. For the hadronization process of the cc in theχ b decay mode, a color string with invariant mass of the quark-antiquarksystem is defined. The possible gluon emission and hadronization is performed using the Lund model of string fragmentation with the PYTHIA program package [7] . The Peterson et. al. [8] fragmentation parameters for the c and b-quarks are used: ǫ c = 0.03 and ǫ b = 0.0035 which are determined from the event shape distributions. Finally, shortlived particles decay into their observable final state, where the standard L3 particle decay tables are applied. An example of the datacard to steer the event generation is given in Table 1 . Table 2 shows a typical event listing of the primary particles. The generator is implemented in the L3-computing framework and interfaced for L3 detector simulation. The L3 name is EGLOv201.
We now compare some details of the OPAL(S.Asai), DELPHI(M.Besançon), and L3 stop generators in theχ 0 1 cχ 0 1c channel. Overall, all kinematic distributions of the three generators agree well. Different values used by other LEP experiments for the fragmentation parameters have no significant effect on the generator output. Some differences in the hadronization methods are observed, and the origin is largely understood. In this respect, the multiplicities of neutral and charged visible particles, as well as the visible energy and visible mass are compared. In the L3 generator, stop production and decay is performed in analogy to the top quark. OPAL introduces an intermediate hadronization step of stop hadron production. DELPHI introduces the production of a large number of low energy gluons to simulate the fragmentation of the stop bound state. Table 3 shows the total multiplicities without a minimum energy requirement on the produced final state particles. Taking the detector thresholds into account, Table 4 shows multiplicities, energies and masses for particles with have at least 500 MeV energy. The comparative studies have shown that about 3-5 GeV visible energy difference is due to the intermediate fragmentation step of stop between L3 and OPAL. Due to the larger invariant mass of the cc-string in the L3 hadronization compared to the OPAL method of spectator quarks, the particle multiplicity is larger up to about 4 charged particles per event, depending on the stop and neutralino masses. In the DELPHI generator, the cut-off for the gluon emission is a critical parameter and may explain the larger visible energy. In theχ + 1 bχ − 1b channel, the generators of DELPHI and L3 are compared, see Table 5 ; they agree very well. Due to the detailed comparisons, all three generators can be improved for the analysis of LEP2 data. Already now, all three generators are a reliable tool to discover the stop.
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Signal and Background Reactions at LEP2
The signal reaction has been generated with 1000 events in the e + e − →t 1t1 →χ 0 cχ 0 c channel. The simulated background processes and their cross sections for √ s = 190 GeV are summarized in Fig. 5 . The background rates for the configurations of LEP2 with √ s = 175, 190, and 210 GeV are listed in Table 6 
Event Selection
In theχ
1 's escape the detector leading to large missing energy. The c-quarks form mostly two acoplanar jets. A mass combination of mt = 70 GeV and m χ 0 = 50 GeV is investigated in detail. In the first step of the event selection, unbalanced hadronic events are selected using the following selection requirements: 12 < N cluster , 0.15 < E vis / √ s < 0.7,
A large part of the background for back-to-back events without missing energy is rejected. Table 9 shows the number of initially produced events per L = 500 pb −1 at √ s = 190 GeV and the number of events which pass this preselection. The requirement of a large number of hadronic clusters removes e + e − , µ + µ − , and most τ + τ − events. The minimum energy cut reduces largely γγ events and ensures almost 100% trigger efficiency. The background from γγ events can in addition be strongly reduced by rejecting events where a scattered electron deposits energy in the luminosity monitor or the active lead ring. The upper energy cut reduces all standard background reactions. Beam gas events and events where much energy goes undetected along the beam axis are removed by rejection of events with very large parallel imbalance. The thrust cut removes remaining τ + τ − events and reduces largelyand Z 0 Z 0 events (Fig. 6) . The cos θ T h cut removes events where likely much energy escaped undetected along the beam axis (Fig. 7) .
Channel
Signal ff WW eWν ZZ eeZ Total (in 1000) 1 69 9.0 0.36 0.55 1.6 After Preselection (in 1000) 0.50 1.7 1.7 0.11 0.09 0.05 Table 9 : Expected events per L = 500 pb −1 at √ s = 190 GeV and number of events after preselection as defined in text.
Final event selection cuts are summarized in Table 10 and explained below.
• A hard upper energy cut removes further all standard background (Fig. 8 ).
• Jets are clustered using the JADE algorithm. The ycut value is optimized to obtain two jets for the signal (Fig. 9 ).
• Events are rejected where the reconstructed jet direction points closely to the beam axis (Fig. 10 ).
• The invariant mass between the jets is required to be less than 50 GeV to reduce largely eWν events (Fig. 11 ).
• The acoplanarity angle is defined as π minus the angle between the jets in the plane perpendicular to the beam axis. A minimum value of 0.6 rad is important to remove γγ events and Z 0 Z 0 background is reduced (Fig. 12 ).
• Finally,background is rejected and e + e − Z events are reduced by requiring 20% perpendicular imbalance (Fig. 13) . 
MSSM Interpretation
The confidence level for discovering a signal is shown in Fig. 15 . The confidence level is given in sigma, defined as σ = N expected / N expected + N background ≈ N expected ,
where the approximation holds since N expected > 25 while N background = 2.0. The required luminosity for a discovery (3σ) and for a 95% CL exclusion is shown in Fig. 16 .
Conclusions
Lep2 will allow to discover scalar top pair-production. For example, a 70 GeV stop decaying into a 50 GeV neutralino will be dicovered (3σ) with a luminosity of 50 to 100 pb −1 depending on the stop mixing angle. For a heavier stop or smaller mass difference between stop and neutralino higher luminosities are needed. As a crucial tool to discover the stop, a new event generator has been developed. A detailed event selection for a stop discovery is presented. As an outlook, further studies with different mass combinations of stop and neutralino masses are useful to cope with the variations of the expected signatures. Figure 16 : Required luminosity for a discovery (3σ) and for a 95% CL exclusion.
